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1«) 



(54) !fRt^-e®»jfi:^ffi 



(57) IS*!)] r - ■ 

Snfclii»(0'^V IfT'/ l 2 6 Sffiffl L.TB!{tfll« 1 2 
tfxY 1 2 6S't''i>i:-r4Cn6<0fie'(t:««l 2 

■&*®SirVA 1 Ga Asiitt. cnsro^+tr7=-'C 1 2 
i^yyi-r-f 1 2 6 rora<0l6^k«« 1 2 4At:J— A-7 




Elf S4:a94«9f/r 



ffjE u — tf <o s « 1= n-en*-a «s 

a.^;. • • _ ^„ 

jl«OTyN'-f 7 X * oifficTa . 

[0 0 0 1] 

i:M-r*. J:OffWICH. *»WCJ:0. J^SIcnwt 



(2) 



10-22924 8 



[0 0 0 21 

^. Sffi*^Xy'>'»« (edge eaittiog ) U-lfH^cn 

^^r^T-^^^^^^^'^ (vertical cavity surface 
eniiling laser. " VCSEL" ) (C»r^lH^6*«ffl ^ 
10 ^rt^. VCSELtcBB^.^;!l«iS^ofca*tt< X-yv 

ht^^tfj^XtU^^. -y^. VC.SELOfcf-A«t' 
-A©M^7&^/h$V^?^:tt'r;^<. VCSELH'!7xA(D 

[0003] vcsEL ^simt^&:^<oiim\tmmm 
S«i o<75±(rjgric^n^.. cnf>(^ffl(3:. SttiSi 2 

Ktf7;V5X':7A^l<0S^^^A 1 G a AsH 1 4<£^ 

its 1 2tr»SgV^7;i'5X'5A-&«C0^ 1 G a A 
. s Ji 1 4 2 2 OXy i^fC^ S $n,f..v^Urf V 

'<Dff'*i>twift;6^t?TXy v3&^^«*i^J?Kfl:$ti^. CO) 
«lffi»(Z)^<'5«&(0ii«. 7>»UiX'>AlSr«d^A I GaA 

rjV5-';7Aia-*co«t'^A I GaAs»cD;5^75«ife^fc:$ti 
on-^ftmttnx^'Ui^^^^ (»«tt) 

(Selectively Oxidized Vertical Cavity Surface Emi 
tUng Lasers With SOX Power Conversion Efficiency 
) " Electronics Letters, Vol. 31. pp.208-209 (199 
50 5)lc32«^nTl>6. 
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m) O:t-:J^--P*0. cniifeo i;*:S;i^■t^Offl^B 

> (-aanctts o~i 0 0 5i'D>OT:^t$Trft»tn« 

5. A I G a A s «)Kfl:*»±. •f-®7-»l'5=.'>AJ«iJ'k: 

10 0 0 5] e«!M;4«Jffi»fl::!rttirJ:0»isatifcV 
C S E L ®ffi«)^;iSCe. KffiSU— tf7H'€;JgfiJ-r-5 
iaK:±i;«BiaT*<5. 7;i'5='>A$J|CDi«t»SjiJH 

^^r^iBS-r*. ffl»WJC/lJ-«ifiSffilBL.-jD.lt>®7 
K ®tf ® 2 O® trrao*/hX'^l-XS:SSIE1"-6. 
C® >l1i-©Xx>J' y®i*4 Hit fr>±»D B RS-^'^e* 

=tmifirtz-c ffl pi*d:C!&JK»S'.a*»*fc'r * 

«ai»j«®«'h*4'T«:tt»5so x-s'o am^^fc-sr t£ 
^T;i5tu-®x^i/:/®«SRcx^-o3E®±'s®«aiai 

;S®EI1ICJ:D. IPSlcnwtJ' h;iXI4»tfflE®l^- 
••tf7t"f*»*-r*:ii*««U<<IoT<'VS.J= - 
[0 0 0 6J AMW;ft;i1J-«j6CM-r-5|BIJa®»0*»lC 

«^^n;ta»Ji®ii«(*«r«icj:t>T»fieati. cnjc 
j:o)t«s«-r*. «a;»,«ttett««®±85®±»cit 
Sf^s^Etis. ;::®^Fffic<fc^rjgfigan/ts«tt. 
1 2 = i'Dvwta^wr.s/ii-iJcsiigati/i. Ld» 

U. Sl«{*«!m«f*«$-ti-. •J7h:t7 (liftoff ) ^ 

oT. «ii®fiH««sftS£JfiSiir»j»*tts«aii:T«:: 



[0 0 0 71 SiWc. fi«:«JifflffiKto5ri*(=J:^T» 

xttA 1 G a A s ^<r>mtmommi)^-mzm\*^itib, 

[0 0 0 8] 

C«?B*t»ftUJ:5i:f-5SUa] *ieWJ±. U-ifSlii 

10 A«Tir«. ^E-®Kfl:js«*ta«icii:£az;ii!i»$nfc* 
«(c3>Ai' h;ivcsEL«jfi4ig^fti-a, ens® 
mtfmAt^ 1^— tf«ia®<ficBf:£®A^'->icia«s 

nfcfflS»®*Vtx^«ffiffiL.T3gfi£Stl«. 
i^7A-?^tt. cn6®+Ytf-rw*+'t<i:-r'5Cn 

6®Sfl:fi«icJ:orH*n*:» Kfl:snT(r»^cusj« 
T«5. i!<k7D-feX®Pa. ¥3l<iMia®1'»cffl«)ji* 

nte7;i'5x<>z^'g-«®ia5t>A 1 GaAsHtt, cne 
o+vt;T-w®«->**^6^fflici6]itTait:?iai'Ni. 2 
^®ws5rs+i' ex^ ®i8i®8<k««j*«:t-n- 7 5; 
2D :7-r2.STKfl:sti5. Sft:fi«xt^7/t-^rW«» 

jS-r-5fc»®7-'U5xr>A^»®St>A 1 GaA sJl 

[0 0 0 9] :*i:»^®fj,«tt. U-f >'>i^7A-?'-\'$ 
l!S-r.*SE^««®:*:#S*«. U'-f i?>i'7A-?^-v i 
#®**$i:Pli;<6V>T*«c:i:T*'5. ^iiaiC, A 

1 G a A s ®Kfb*t±««j«5i'XU:«i31A7^-^ ictt 

?¥ u;- icne tt**.icTJ^-?T» -5. ens ©^fi^— a 

e, ■■ (86^l:««®•^^'rX).:::: ivCamWr- !J'7/X-9^i'® 
i*--f X) . ®tt;*JiVhS <;i«lcr3n.. W'^i' HdVjxg 
30 < *-fff «ii:v -kef «'S<y7/;t-f'.-V«»ric"t* 

C*t»t*i*)6i?'/tT-.?dr®3B«?!cliSSt^MI»J>tfI 

SB -'^ ^ A - ji-rr : , - 

■ [SRflBSilfftf «ft*®#ai *58§«®a-®««t4. 
S«^*,«lK*t»fl:)i®^^®10*t«l;:fllft««Sr • 

fcSB-.'j7Ui7^'t, wiaistt)i®s^*«(rttBsnfe 
ifcio«iiL.T)ex*;u4'-=£-S8aas-a-. wsa* 
ii®'t'*TjffitXTn-5ar»®+-frtrxw' «>ia« 

i«aS3ia®4'tcmi2ffittl«ji*«8iiS:S1ffll-r*7/<- 
^'vS^rL, B!liE7A-9^v««»iW8B«aEfWWl<?)^ 
®^^i»«tt««lcJ:-3TB*nfcWE«fl8W»)i®«*'® 



(4) 
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[0 0 11] *ie?|fiDjSr:©ffi«tt. #Iffi«85*iaB** 

fll}SiJi*#H«)o%«l^<Ol*«Stt 
SS^*. ^EJ|ii»ftSfflffiffllo©SA««i8«WS& 

Kx-f (Oa D ®WE«8S*l?91«fi«S:ffi^k»''^> fl9E 

ars^^T'f ^'fe^*- cne.co«aKj:oi([Eettffl 

[00131 

3 K«*nfc3: 5 lev « 2 0 0 ^h/ jl.?--?.-© nfflr^ G 
a1A- s n v y -f M 1-0 2:*W«IAMft¥;««-X|-M:0 C 

Tnl!-GaAs*«l 0D±TfieftS«&nS. nS 
- G a A s aSfiXr^G a A s A-y 7 r ® 1/^5 

-jKflSj K n 3 X 1 .0 " c m- ? ~ 7 X 1 0 '.c m- » -CS (f^ 
r L PE- ) ■ ^T^WiftflTSft r MBE" ) . 

10 0 14] G a A s A«y 7 7 a 1 0 2 ® JifcttT»» 
1Bi^yytf^)7l^tf9 (DBR. DlJtribuled Bragg re 
[lector ) I 0 4&3gaT%ia»^«iS*<fcl3. VCS 

R 1 0 4ttASWC(±7;i'5-'>A<n*«©ffi<'^A I G 
a A s JBRt/f7;W3 n't' AOT^**roffit>ftjro A 1 G a 
As)lA^6J5t««»®5ttt-<t^'^fi25n*. 
iJfl'^UfcS. 7;i'^-'t'A^JI<0iS5V>«»A I GaA 

>y)i 1 0 6SrfiEfi^Ei*S. 8 2 0 J<-^-<n 



<a5<t5icastf^fn5. fts©i«7;i'5-fix*^a 

A^»0>iBI<»il®Al GaAsJBtt. 7JU5-C7AS:« 
8 6X*tr. 7;U5:::':;A*«®Kl'iA 1 GaAsS© 

A 1 G a A 3 H(l*3 1 6 X ©7;i'5 -"^A^SS^ 
TS. 7;l,5-'>A#*®fit»A I Ga AsHcOfilGiJ' 

[0 0 15] cronlfico^ffi-pB. ¥«#t^>:'-|^oM 

fcJ&Ctt. T88DBR 1 0 4(Og9t*ttT?««fc'tt 1 0 
0?SC>a<r5.'<«T«-6. -KKrt«5E«**'i«l'»<i: 
l,_+f_<OHa««tAJ<S«-r*. TSDBR 1 0 4 OS 
20 Jt¥A«-«K:ttie»^<»2t)(OAlGaAs)lfl)S5f? 

8SDBR«ifil 0 4*»*-r4ICl±-K«Ctt3 0-4 

O^^OA I G a A s «dtffifflan«. 

[0 0 1 6] TfflDBRSIjai 0 4S:Xfc:3'*>'+;i'Ja 
aiCJ:Df*«Ufc«.-'A I G aAs Vi'S 1 

0 6£<*Jfr*. C<0T«AlGaAsi'7S/x-<>i' 
B I 0'6 C!>7;i'5-"?A-S«tt« 5 8 «T« 0. P-bT 
'JO i/d)^ <XSi O ■ .•■c m-? --^S x l O ^» c m- ' ® n a 

: : X<0 A'4 G a A'S ^^^H ^{^m 1 'fl 6 .»±fcli t— 

-tffliaroffittJii 0 8A'»o. 5~iot-y^-^-® 

t>Tv'M»4GaAsXtt7;WS='>Ad*<0fiV»A 1 
G a A s SflSffl bT«^ #F«ffl**J?Efe* nS. r 

GaAslCioTJ^fSSnS. ^^WC^t^-C. 

r MQw" ) mmommmi-ffs-''^- 

[0 0 17] SttSl 0 8a3±tt±SA I GaAsi^7 
yxv Vi^Jil 1 0T»0. 1 1 

0 h:-:/?WOTai±SI*lt»iTg?A l G a.A s 7 
•yr-f >i^ll 0 6 tWifiWtrffilTt**. C®±a8^7 
i/T-f Vi'l 1 1 0tt*!)5 8X(D7;U5-'t7A*»«:W 
r4*V 1 X 1 0" cm-'~4X 1 0" cm-'WH-t? 
SO >i/U'<;i/*Wr*PS!'C**- "FSSA I GaAsi'7 



COP^ 



(5) 



10-229248 



8 



C0 2O(^A 1 GaAsi;yyy'^>ifB 1 0 1 

TS^^e^n^. HI 0 6, 1 0 8Rc;i 1 o<Dh-r^;K7> 

[0 0 1 81 ±fflA 1 GaP^s^vy'T^ytfmi 1 0 

=&^aL, cnjccfcosftsi 0 8<o4'ou>r>^>^tt 
m^mm-r^. :L<^^^ommrQ\t. c<DWi^mi 1 2 

tt±SAl G ahs^^v'r^ >^mi 1 OCO±JC* 

*»^tC:feViT. CCOSftSHl 1 2^teOftH 
ttSl 0 8a)feo<!:±A^3l>^T) 'iCK^aA2»Ci:*«r 

[0 0 191 KikH 1 1 2iim^^nit^. pH- h- 

±KD B R 5 ^- 1 1 5 K-:>^<r)ffitt*[!ft 
TS8D B R 5 ^- 1 0 4 t«iSW tffitrviS. 5Ek:. ft 
it (S« (7>#ffl (C* j5 5 ^.rrrl fC 7 5 - A 

9 ;9'X5r* *a^<0±»D-B R5 ^TiaJ^X*^^^ 
cril,0 2.0liH4t±J&*aW<0-t)ibTiaj3,G 

>^;u±*tc:<*«p$^^>.'*tc. 7if hus;x>«i 1 8 

[0 0 2 11 0 5fc«5n;tcl:^{c, c<^if>y;utcx 
n^4o<75«ai$n/tAVi^^i 2 o*a^T*»«c#i 

> 1^ « S « < ^ > X 5^ > 15 Jll S t C J: o T ff t> 

=^^fcfT-Y<os5$H'>;^c<i:t)iafl:li 1 2tctr»T 



3 5 0" CSjaA^.i«aTSf5KSS:^(7)t|i, *«St:£«li 

TKffc^ns. c:<D8{t«aa<©Pfl, K-ftiii 1 2fi&pq 

^) . C:5bT, J^^X'^A^ftcOffiViA 1 G a A s 
75^e?i5K{tiBi 1 2«. -jS(cfi#^vb'x>f ^StO 
#<Kfb««l 2 4;&<S^itCjfi^liT:t-A-7^yy-r 
(0 6k:0^) , t:x>r 1 2 6;6^^^lEj(c 

7>f-;UK .(optical field ) *^a«K:»l(S$n^«H 

[0 0 2 21 mn:':fa±x0fs[. mm^omom^tTA 
-saaer^, A\GaAs<DSt{tm\tr)\,^-'yA'^ 
8<fc:ffia©wJi{iSft«i 1 2<DTj\^^=iOA^m^'cs 

iSlr^7;i'5X^A^«^«r"r^A 1 GaAsr^-S. A 
1 GaAsilcoK{ksn;iv^**a^»i^«, SttB 1 

0 8 «a^»««^^X^W»"r'5* : 

[0 0 2 31 B6».' 0 3(C%$n/tK{t:Jei 1 2C^I£ 

a:C^^«;£LXV^4, 1:2 2tSMfkM 1 

1 2<0ft»<0U"-lf7/^-^^yS:3Eb* C(Z)7/X-^vtt 



4^; 




5^7 



rL/:^«ffc««l*2 4tC>a:^.-^:r-A-^y:/k«l 2 

4co**ttStfl:5.n;^t^>*^a^. C(DKfl:$n^cv^« 

7/^-^^"C*i. SfefkT'a-feXOS. ■<:t>ttA:?^a 
-t::;; (^TiCE«-r«>) Srffiffi LT»j|»«« 1 3 0 ^Jg 

[0 0 2 41 Kfbyn-fexoa. ««i 2 4«gefb$ 
n, Kft:$n)i(.iSSij^l 2 2(ifi&tt»l 0 S^riSSflSIE 
A;^^W»'r-6 7A-^y$fl5^-r^. 7/^-^rl 2 
2(0TtC*^>ffitt»l 0 8<7)^K88i^*a^««Eco5iin 
tJ. pS28:(:XnS4^-f 'Jirc7)^iA»S (injected densi 

ty) \zt^^. ^mmii&^n^* n,m<r>mni3^+i^\z'$^^^ 
dbr5 7-io4Rc;ii4 
t^^(ny^-\'nv^tn^ox> mtmi 1 2«^^<^ 

7/t-^-^ 1 2 2{CJ:r?Tli5£$n5fH«l*?tC:fe(r>r?5 



(6) 



[0 0 2 51 ^*>aXt6» yD-fe^S:fflV>T 

r.fiEsn5»«kffl«i3o (0 6. ia7at;0 8ca 

l!«;5:aXl*Jl'*-«5 0KeV. lOOKeVRlf 
2 0 OKe »sa-»tc«&:t^;u:?-U'< 

CO 0 2 61 «a^n-K;^ro». *»*«ifioTa®Ry^ 

[0 0 2 7] 0 9 B. 

nAvcsELfliji®¥®ia«:«-r. croa^^-o? 
^n-cv^*. mm*! 3 2B^i(^«?^:S^?«0, «tt 

asij- 1 3 Alkxm&m i a 6*ttr. 

Mt-^ 1 2 6©rtiW (inboard ) tfT/'^- 

1 2 2©±c*^-s^2^-r«'^*- 

5. iattg5>i 3 4<c*a- w- ttffl«. ^^^^'^^^ 
n cncio, [»aii-5vcsEL«iiaiBi±M'oiif 

^yr^^zf.^ 1 2 2®+•i>«W®AS!«'^'^"-'^'*• 
4 w" tf* l'^^'-' ^ 
^. ]Bffitt;il(Att..=^^7A-5':*ac2.2®±ca5^T 

^ 1 4 0 5kt^«»A^V F 1 4 2 «ftt7^ > 

^ 1 4 0 ttV-^^T/^-f^V 1 2 2 ©±CA^^So-CI,^ 

4. ]B®±K«»»*«J^*l-fc«' SSI 0 0<0i6ia 

[0 0 2 81 01 i tiai2. atn2H3a:iai4i:ia 
15 MWtiaietaivtBistt, 

(US) i!??*«-r. 01 i«u-ifSiK&t^iai 

♦iai4«<fc««2 2 4K:io-Cjii«Snft;7A-f^r 2 
2 2 cn^roi6ft««2 2 4ttE=ft)l5<OTH.« 
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A 1 G a A s Itt. ffifl;<a« 2 2 4 A^JJ-A-^ •)/ ^ 
b-Cffifl:*tlTl.i&V^W-!}'7Vt-5'+ 2 2 2A<Jgfifc3 
nsS-C. RfSiJB+'i'Hx'f 2 2 6*^&^1-««»CI<ilJ)^t>-C 

aOjgUT. 01 2lc«snfci^>S:l'-tf7^'f«?l? 
=f->f<n%<n%mtiWm% (linear spacing. 012 

CO 0 2 91 01 3CDW— !fsaRz/0i4Rr;ai 5 

^,^jjL;'?:?->A<3E3nTl»5. gSfblSa 1 2 4 

2*»fiKi-*. 0l3C«Snfc/'<-yi'E9>IS»'5igU 
-C0 1 4Rtf0 1 5 K3iSn&<):-5ftU-tf7 U-f 
fiKT%Ct*«-l?#*. 014<Oia4/Vyi7E5<l*ffiffl 

01 5©j:5&s?«*ffiffl-r««^- 2^©«S8-rsn 

30 [0 0 3 01 Hl6©W-1f&KRtfai7Rt^ai8 

Vttllft*nfc««3 2'4CJ:^>Tii)e*njS:»ft:Sti 
TViaV»8l«3 2 2 Ci'^T^^Sn*; 0 1 6 lw«S 
nfc/^yi'E^«aOSUX01 7 25:1/01 8C«$n 
^j.^^^_^frU.>f4Jg«UT*)i<'». 01 7©*e. 
ftE5'IS«ffl-r4«&. 2O(0RS^-r5ntSi}!5=^^Ytx 

1. 5 s" T»<5. 01 swi^&Eyiisffiffl-rs* 

2 0inv-if7/'?-9'^©W©AS!W^ia«WIW" 
CO 0 3 11 5ttC*lffcfflsE*. H-m H-t!>y 
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OICGaAlSb, I n A 1 G a P, XH<a<7)^III-V 

mil vcsEhm&<o^\z\^'-^7n-^^^3^ 

[0 2] VCS ELMjgO+tC^— tf7A-5^-\^S?gfie 

[0 3] :i^^m<o^mit%mommim^t^o>\z^m 
n ^ V X <^iE® 0 r * 5 . 

[0 51 4'tC=^rrt:x-<*«X^y^>5f$n/::01O^^ 
*«3fi(^SS»iS!l»rM0T*^>. 

[061 ±tC^&^H75«^D»;&>nfc. *ife{i:a(0-SS<3DfB! 

[071 0 6Sl50 9<O4'O5^-f >7-7(Ct&or*it 
W tC^ 0 Ifc o fc»rS0-C * ^1 . 

[08] 06atf09<Ot|>(D5-f >8-8tC»t)TI^S 
« tc^ 0 ffi fc8ffffi0T& ^. 

[0 9] Ta^>5:]affi»ia$ST2'30I«»LfcVCS 

[0 1 01 a^^m®iS^$^r2tDCDB'isu^vcs 

EL«ifi<^¥©0T*5.. / : 

[01 11 ^rt-x^o/t3'->$ffltp=A5^tc:J:'5a' 

[011 



20 



[0 1 21 01 1 HS^nfcZAfl^(7)lS[^AiS^->|c;cfc 

[0131 ia^»?glcSltSn^4::?©=^r 

10141 miz\zn^nitmnmmnn^->^iskK> 
(0 1 5] 01 3(ca$n;tizgft?^«^/^:5^->^»o 

[01 61 AAJ^fCE«StL/t6r)(0+Ytx><O«ISi 
3^ - > fc J; o T® ^ nfc 7/X - ^ ^ S U"if 

(01 71 01 %\z^^nitnnmm.^n9->^isk^ 

(01 8] 0 1 6frc3&$n/S:A^?^«tl!^/X^->«r»r) 

10.100 

12, 108 ffiiiS 

10 4,114 U^U-^^. 

2 2 2. 3 2 2 .^ .. u>f v>^yn-^^ 
144 ^ft^':(«ar-: 



1 1 2 
1 2 2, 
1 2 6, 
13 2, 



^ riiai 01 




1 11 



112] 




OIOIOIOIOIOTOIO 




(9) #08^1 0-2 2 9 2 48 

[07] 




AM 
— W 




[081 




I^-- 144 



mi 5] 



(017] 
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layer embedded in a semiconductor structure is oxidized 
until the oxidized regions 124 between the two adjacent 
cavities 126 overlapping radially outwards from these 
cavities. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this treuislation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Are the surface luminescence laser which has a luminescence front face, and said laser 
contains a substrate. The first reflector to which one of said semi-conductor layers was located in inside 
at said one barrier layer side including the barrier layer which has an active region including two or 
more semi-conductor layers formed on said substrate, A part of light energy is made to penetrate 
through at least one of said reflectors including the second reflector located in the opposite hand of said 
barrier layer. One of said semi-conductor layers is a cxurent control layer, and two or more cavities 
prolonged in said current control layer are included. It has the aperture which controls the ciurerit which 
passes along said barrier layer in said current control layer. Said aperture field is demarcated by the 
conductive field in said current control layer surrounded by the non-conductive field in said cxurent 
control layer. Each of said non-conductive field is surface luminescence laser with which one cavity is 
siuTounded and these electrodes make bias of said active region possible at the both sides of said laser 
including the first and the second electrode, respectively. 

[Claim 2] Surface luminescence laser according to claim 1 said whose current control layer is an 
oxidizing zone, said whose conductive field is the part into which said oxidizing zone has not oxidized 
and said whose non-conductive field is the part into which said oxidizing zone oxidized. 
[Claim 3] Are the manufacture approach of surface luminescence laser of having a luminescence front 
face, and the step which forms a substrate is included. One of said semi-conductor layers contains a 
barrier layer including the step which forms two or more semi-conductor layers on said substrate. Other 
one layer of said semi-conductor layer is arranged at a boundary pattem including a current control 
layer. The step which forms two or more cavities prolonged into said current control layer from said 
luminescence front face is included. The field of said surroimding cxurent control layer of said cavity is 
oxidized including the step which exposes the part of said current control layer to an oxidization 
environment through said cavity. Extend said field, bring a mutual field close, and the step which forms 
a central non-conductive field among these fields is included. And the manufacture approach of the 
surface limiinescence laser which makes bias of said active region possible with these electrodes 
including the step which forms the first and the second electrode in the both sides of said laser 
equipment, respectively. 



[Translation done.] 



JP,10-229248,A [DETAILED DESCRff TION] 



Page 1 of 7 



* NOTICES * 

— ^ SSL'S 

,.TWsdoeumcn,l«.b=«.««la«dbyco»,p«.er.Soa«tt»«l3«on«ay.o.r=fl«.toorigma. 

5'!^*?ghows the word which can not be translated, 
s'ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

. T irenerallv this invention relates to semiconductor laser. A compacted the 

Sl^SdS-^^^ 
detail by this invention. 

. u T> ■ Arfl qoHd state semiconductor laser is important equipment in the appUcation 
[Description of the Pnor Art] Solid-state semiconauc ^ Although, as for current, the 

of photoelectron communication system, a ^^^^^^^^^.^"^^^^^^^ out in these applications, the 

generality activity of the edge lummescence (edge ^"^^f^^^l'^^^^i^ surface emitting laser, 
fnterest about vertical mold cavity wSlS in VCSEL is that it 

"VCSEL") has increased in recent years. The ^ason by wtach me m^^^ 

is difficult for edge l-niinescence laser toconverg^^^^ ^^t^ e demteT^^ wafer's carried out to 
Furthermore, edge luminescence ^ TJiZnl On the other hand, not only the 

separate equipment (the edge forms ^^.^^^'^^^^l^f^S^ vitical light on the surface of a 
beam of VCSEL has small beam spread, ^ut VC SEL emrt^ f incorporated, and manufacture of the test 
wafer. Furthermore, a design top mirror "^f^^^„^ .^^^^^^^^^ these mirrors, 

of awafer and-dimensional [ 1 ], °" ^^^^^^^"^^^^^^^ and is 

[0003] The ^o^'^^^^^fZZo^^si^^^^ tS laS structure containing two or more 
illustrated by dtan^ and J^^^^^ ^3^^S^^^^^ layer 12 and the AlGaAs layer 14 with 
layers is formed on «;"^«Hf^|^]^tty^^^^^^ on the barrier layer of laser structure, or at 

a high aluminum content. The AlOaAs layer i'^ f selectively, and the mesa structure 22 

eithlr the bottom. Next, tiiis layer ^^^^^ ^l^^J^^f,^^^^^^^^ lay;r 14 with the high 

(it illustrates to ^mmg2 ) »s .^^^^'^j^l^^^^^^^^^^^^^ L edge of the mesa structure 22. In 

aluminum content which adjoins a barner l^y^^i^J^^f^J^I^, oxidizes in a longitudinal 
order to form a raising radiation zone, i.e ^P^^^^;^™t7ess^ with the arrow head A. Since the 
direction from an edge tow^d the ^^^X' f^S C^^^^^ remain not oxidized 

aluminum content is lower than an ^^^^jg^^' °f J^^^^^^ low. Therefore, only an AlGaAs 

intrinsically, mrefore, ^-e oxida^^^^^^^ ,,„tent layer 

layer with a high ^1"'"'"^/*'?^^ of oxidation treatment. The field (conductivity) 

oxidized serves as ^on-conductive elecmc^^^^^^ ^^^^^^^ „^^^ ^p^^ure 

where it remained in the ^^^^^^^''^^J^^^^^ in laser structure, and, thereby, a laser 

Conversion Efficiency)", Vol-31, and pp.208-209 (lyy^). oxidization field ] 
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are that control of the amount of oxidation is difficult. Generally, desirable equipment aperture is 1-10 
microns (micrometer) order, and this means that dozens of microns (it must generally be the magnitude 
of 50-100 microns) side-face oxidation is generally required, in order to oxidize firom the side face of a 
bigger mesa and to manufacture equipment. Consequently, since the size of aperture becomes small 
compared with the range of a side-face oxidation field, it reaches with a wafer and, generally, as for the 
formed equipment, has big dispersion in aperture size the result which is not fixed of the one specific 
wafer. It depends for the oxidation quotient of AlGaAs on the aluminum component greatly. Ilie non- 
homogeneity of all components is reflected by change of an oxidation quotient, and, thereby, a 
uncertainty produces it in the amount of oxidation. This process is also comparatively sensitive to 
temperature again. Since the oxidation quotient is various, it is difficult to ensure extent which oxidizes 
the laser structure, and, thereby, the repeatability of the performance of equipment decreases. That is, 
such a process produces various manufacture problems and a production problem. 
[0005] Other faults of VCSEL formed by the traditional side- face oxidation approach are problems 
produced in case a high density laser array is formed. In order to oxidize a buried layer with a high 
aluminum content, it leaves a mesa and an etching process is performed. The laser aperture of specific 
size is demarcated after etching of this mesa by the field which performed side-face oxidization and 
oxidized. The mmim nm tooth space between two laser in one array is selectively restricted using mesa 
structure. Since it is necessary to etch the height of the step of this mesa through a thick up DBR mirror, 
generally it is several microns. Fiuthermore, it is necessary to also enlarge the top face of a mesa 
comparatively so that a metal joint can be fonned on this mesa, without closing raising aperture, typical 
- the minimum size of electric contact - about 50 - x50micrometer2 it is . Therefore, it is difficult by 
arrangement of the height of the step of a mesa, and electric contact to the front-face top to forai the 
laser array of the **** high density which is very a compact. 

[0006] The solution over some of problems about typical mesa structure is using a shallow mesa. In 
order to use a shallow mesa, an up mirror is not formed of epitaxial processing. Instead, an up mirror is 
formed with the dielectric matter of two or more layers to which it adhered, and, thereby, reflects light. 
Electric contact is directly created on the upper part of an active region. The equipment formed by this 
approach was manufactured on the mesa which has width of face of about 12 microns. However, the 
dielectric matter is made to adhere and it is difficult to optimize the low threshold current and the high 
efficiency of equipment by the further complexity of demarcating a contact using a lift-off (liftoff) 
process. 

[0007] VCSEL formed by the traditional side-face oxidation approach at the end has that mechanical 
integrity or structural integrity is often scarce. Since adhesion of the oxidizing zone to GaAs or AlGaAs 
which has not oxidized is generally weak, the laminating of the whole mesa may be broken down with 
the above pressure added into the packing (mounting) process. 
[0008] 

[Problem(s) to be Solved by the Invention] This invention offers the very compact VCSEL structure 
which can be used in order to demarcate the raising aperture of laser structure and by which the 
oxidation field was demarcated and controlled appropriately. These oxidization fields are formed into 
laser structure using two or more cavities arranged at the predetermined pattern. Raising aperture is a 
field which was surrounded by these oxidation fields centering on these cavities and which has not 
oxidized. Between oxidation processes, it oxidizes until the oxidation field between two adjoining 
cavities overlaps the AlGaAs layer with the high aluminum content embedded into semi-conductor 
structure in the radiation direction towards an outside from each of these cavities. The AlGaAs layer 
with the high aluminum content for forming an oxidization field and the aperture section is often called 
a "oxidizing zone." 

[0009] The oxidization area size to which the advantage of this invention demarcates raising aperture is 
the about the same as the magnitude of the raising aperture itself Generally, the oxidation quotient of 
these of AlGaAs is dramatically uneven depending on a matter component and a processing parameter. 
As for such heterogeneity, impact becomes small as the ratio of : (size of an oxidization field) (size of 
the last laser aperture) becomes small. When the amount of oxidization required to form raising aperture 
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when it puts in another way is reduced substantially, ^erture size stops receiving effect m change of the 
matter ^d a process not much. This becomes suitable demarcation of aperture, and controllable. 

Sli^ for Solving the Problem] The first mode of this invention is surface luminescence laser which 
^ ^^^^^f front face, lie first reflector to which one of said semi-conductor layers was located 
L iiSSid one barrier layer side including the barrier layer which has an acUve region mc udmg 
^^r more semi-conductor layers by which said laser was formed on said substrate mcludmg the 
Zh^aZ l part of light energy is made to penetrate through at least one of said reflectors mcludmg Ae 
^oS rklcClocatfd in the opposite hand of said barrier layer. One of said senu-conductor layers a 
cS3 control layer, and two or more cavities prolonged m said current control layer are mcluded. It 
h™e aperture whi^h controls the current which passes along said bamer layer m said current conjol 
ZTsZ aperture field is demarcated by the conductive field in said current con^ol layer su^ounded 
bv the non-conductive field in said current control layer. Each of said non-conduchve field surrounds 
Zelvity, a^d these electrodes make bias of said active region possible at the both sides of said laser 
including the first and the second electrode, respectively. ^ ,„ 

mOlir^e second mode of this invention is surface luminescence laser [which was indicated n Ae 
fiSt mode 1 said whose current control layer is an oxidizing zone, said whose conductive field is the part 
k?o wWch sXxidizing zone has not oxidized, said whose non-conductive field is the part into which 

moi 2TS^e"ode'Ss invention is the manufacture approach of surface luminescence laser of 
having a Imninescence front face. The step which forms two or more semi-conductor layers on said 
Site is included including the step which forms a substrate. In one of said semi-conductor lay^s, 
^Tone layer of said semi-conductor layer contains a current control layer mcluding a bamer layer. It 
TaS^ged at a boundary pattern and the step which forms two or more cavities prolonged mto said 
c^^c^ttd layer fr^ said luminescence front face is included. The field of said s^ounding ciurent 
c^to layer of sdd cavity is oxidized including the step which exposes the part of said current control 
ky^to 2 oxidization environment through said cavity. Said field is extended a mutual field is brought 
close LTbias of said active region is made possible with these electrodes including the step which 
S the first and the second electrode in the both sides of said laser equipment, respectively, mcludmg 
the step which forms a central non-conductive field among these fields. 

[Embodiment of the Invention] Drawings expresses the semi-conductor structure used for forming the 
Sit oSable operation of this invention. These are used in order that the illustrated structure may 
forni vertical mold cavity surface luminescence laser including many semi-conductor layers It sees and 
S lasers are only expressed as schematic drawing, and each relative thiclaiess is not related at all as 
uSider^dTAs exprSsed to drawingl R> 3. about 200mn n mold-GaAs buffer layer 102 is grown 
up on the n mold-GaAs substrate 100 using the epitaxial vacuum evaporationo processing known as 
organic metal chemical vacuum deposition ("MOCVD"). Generally It IS at least 3xl018cm-3- 

?xl01 8cm 3 so that resistance [ in / m the doping level of an n mold-GaAs substtate and a GaAs buffer / 
these layers ] may become low moderately. It can also adhere to these semi-conductor layers on a 
substrate again according to hquid phase epitaxial growth ("LPE"). molecular-beam crystal growth 
("MBE"). or other known crystal growth processes. ^. .. . „ » , rr^nTi .^a 
00141 TTiei^ is a superstructure which forms the lower distnbution Bragg reflector (DBR and 
Disputed Bragg reflector) 104 on the GaAs buffer layer 102, and required mtemal reflection is offered 
in VCSEL structure. The lower part DBR104 is formed of two or more pairs which consist of an 
AlGaAs layer with the typically high content of aluminum, and other AlGaAs layers with the low 
content of aluminmn. The increase of the number of the pairs of a layer, and after ca^^^^^ 
adheres to a last AlGaAs layer with a high aluminum content, and the first layer 106 

of an optical cavity is grown up after that. The thickness with the pair of each class typical for 820nm 
laser luminescence is about 120 nanometers. A pair of overall thickness of each class is designed so that 
it may become equal to the one half of light wave length m the wavelength on which laser actuation was 



JP, 10-229248, A [DETAILED DESCRIPTION] 



Page 4 of? 



meant. The thickness of the last high aluminum content layer is designed so that it may become equal to 
the quarter of light wave length in the wavelength on which laser actuation was meant. This AlGaAs 
layer with a high aluminum content contains aluminum about 86%. The aluminum content of an 
AlGaAs layer with a high aluminum content is not so high as it oxidizes simply, although it is high 
enough for offering a low refractive index. The AlGaAs layer with a low aluminum content has about 
16% of aluminimi content. Generally the component of an AlGaAs layer with a low alimwnum content 
contains the aluminum of as sufficient amount as it is unabsorbent on the raising wavelength. 
[0015] With the gestalt of this operation, since light carries out an outer join through the top face of a 
semi-conductor sample, in order to make internal reflection high, near of the reflection factor of the 
lower part DBR104 should be made 100% as much as possible. If the rate of internal reflection is 
generally high, the threshold cxurent of laser will decrease. It is known well that the reflection factor of 
the lower part DBR104 is generally the function of the difference of the refractive index of two AlGaAs 
layers of superlattice and a pair of number of the layers in the structure. If the difference of this 
refractive index is large, there will be few a pair of nxunbers required to obtain a given reflection factor, 
and they will end. Generally 30-40 pairs of AlGaAs layers are used to form the lower DBR structure 
104. 

[0016] After adhering the lower DBR structure 104 by epitaxial processing, the AlGaAs 
4c:ic^**4t**>ie:ic«4r«* jayef 106 Is adhcrcd. The aluminum content of this lower AlGaAs ************** 
layer 106 is about 58%, and is n mold of doping level 1 xl018cm-3-5xl018cm-3. The thickness of this 
layer is about lOOnm. On this AlGaAs ************** layer 106, there is a barrier layer 108 of laser 
structure and these quantum wells are divided by three barrier which has the thickness of 2-8nm 
including four quantum wells which have the thickness which is 5-1 Qnm. Therefore, quantimi well 
structiu-e is formed in the output wavelength of a request of laser structure using pure GaAs or AlGaAs 
with a low alumimmi content. With the gestalt of this operation, these quantum wells are typically 
formed of AlGaAs which has about 7% of aluminum content and which is not doped. In this invention, 
although a barrier layer 108 is formed, the activity of a single quantum well or other two or more 
quantum well ("MQW") structures is not barred. 

[0017] A barrier layer 108 top is the up AlGaAs ♦**♦♦***♦♦*♦♦* layer 1 10, and this ************** 
layer 1 10 resembles the lower AlGaAs ************** layer 106 structurally, if the polarity of that 
dopant is removed. Besides, although the section ************** layer 110 has about 58% of 
aluminum content, it is p mold which has the doping level of lxl018cm-3-4xl018cm-3. The thickness 
of the top ************** layer 1 10 as well as the lower AlGaAs ************** layer 106 is about 
lOOnm. These two AlGaAs ************** layers 106 and 1 10 form an optical cavity in general with 
a barrier layer 108, and desired optical gain is acquired in this cavity. The total thickness of layers 106, 
108, and 1 10 is adjusted equally to the integral multiple of the wavelength which laser actuation means. 
[001 8] The up AlGaAs ************** layer 1 10 top is an oxidizing zone 1 12, and it is used for 
forming laser aperture. This laser aperture controls the flow of a current and, thereby, controls the 
raising location in a barrier layer 108. With the gestalt of this operation, this oxidizing zone 112 exists 
on the up AlGaAs ************** layer 1 10. In this invention, it does not bar transposing this 
oxidizing zone 1 12 to other locations (or on [ Barrier layer 108 / More ] or under). Typically, this 
oxidizing zone 112 has about 95% of aluminum content, and the thickness of about 70nm. Typically, 
this oxidizing zone 112 constitutes the first pass of an up DBR mirror, and contains p mold-dopant, 
[0019] After an oxidizing zone 1 12 is formed, the remaining up DBR mirror 1 14 containing p mold- 
dopant is adhered. The up DBR mirror 115 resembles the lower DBR mirror 104 structurally, if the 
polarity of the dopant is removed. Furthermore, generally the minor layer nearest to each ** of an active 
region has a high aluminmn content. In the gestah of this operation, this high aluminum content layer is 
also an oxidizing zone 1 12. With the gestalt of this operation, since light carries out the outer join of the 
reflection factor of the upper part DBRl 14 through the front face of a semi-conductor sample, it is 98% 
- 99% typically. Generally for besides forming the section DBR mirror 1 14, 20-25 pairs of mutual 
AlGaAs layers are used. 

[0020] Drawing 4 is some top views of the mask which may be applied to the semi-conductor structure 
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expressed under this invention to drawing 3 . First, the homogeneity layer of silicon nitride is made to 
adhere to the whole semi-conductor sample as usual. Next, a photoresist layer 1 18 is made to adhere on 
this silicon nitride layer, a photoresist ingredient is removed from four round fields 120, and a mask like 
drawing 4 is made to form with photolithography. These round fields 120 form the boundary pattem 
decided beforehand, and it is used for this demarcating the final aperture of laser structure behind. 
[0021] As expressed to drawings , etching processing is performed to this sample and the cylindrical 
shape cavity 126 is formed into semi-conductor structure through four exposed round fields 120 which 
was exposed to etching processing in the meantime. Etching is performed by processing of reactive ion 
etching etc. and the deep hollow which has a vertical mold side attachment wall is formed. The depth of 
each cylindrical shape cavity reaches even an oxidizing zone 1 12 at least (it illustrates to drawdng 5 ). 
After a cylindrical shape cavity is formed and all the photoresists on a front face are removed, oxidation 
treatment is performed to this semi-conductor sample. This sample oxidizes in a nitrogen environment 
using a steam at the elevated temperature exceeding 350-degreeC typically. An oxidizing zone 1 12 is 
exposed to a perimeter through each cylindrical shape cavity during this oxidation treatment (an arrow 
head B illustrates). In this way, generally, the oxidizing zone 1 12 which consists of AlGaAs with a high 
aluminum content oxidizes in the radiation direction toward an outside from each cavity 126 until the 
oxidization field 124 which surround each cavity approaches mutually and overlaps it (it illustrates to 
drawing 6 ). However, as long as electric field and the optical field (optical field) are the range restricted 
moderately, the non-oxidizing gap between oxidation fields may be small. Although the cross section of 
each cavity has been indicated as what is a cylindrical shape, what kind of suitable cross section may be 
used. 

[0022] Since other layers between oxidation processes and in structure have the low aluminum content, 
they remain hardly oxidized. In constant temperature, it becomes high in general exponentially while the 
aluminum content of the oxidation quotient of AlGaAs increases. The time amount of oxidation 
treatment is decided by the aluminum content and oxidation temperature of an oxidizing zone 112. 
Desirable controllable oxidation time amount is dozens of minutes. Therefore, the layer which has 
oxidized is AlGaAs which has an aluminum content near 95%. The part which remains with an AlGaAs 
layer not oxidized controls the current pass which passes along a barrier layer 1 08. 
[0023] Drawing 6 is the amplification schematic plan view of the oxidizing zone 112 expressed to 
drawing 3 , and assumes the place which removed all the layers on this layer. The shadowed part 122 
expresses the laser aperture in an oxidizing zone 1 12, and this aperture appoints the field of laser 
luminescence by the barrier layer 108. This aperture is formed of the oxidation process of this invention. 
Between oxidization processes, an oxidization front (oxidation front) progresses through an oxidizing 
zone from the pattem which consists of four cavities 126, and the shadowed part 122 is formed of the 
intersection of the borderline of the oxidization field 124. It becomes the oxidization field 124 which the 
oxidization front emitted from the cylindrical shape cavity 126 is also a cylindrical shape mostly, and 
overlapped it. The center of the overlap field 124 remains not oxidized. This field that does not oxidize 
forms the shadowed field 122, and this is the aperture of laser structure. An insulating region 130 is 
formed after an oxidation process using an ion-implantation process (it indicates below), and laser 
structure is isolated from the thing around it. 

[0024] After an oxidation process, a field 124 oxidizes and the part 122 which does not oxidize forms 
the aperture which controls the current pass which passes along a barrier layer 108. The flow of the 
current which passes along the part concerned of the barrier layer 108 imder aperture 122 becomes p 
mold and n mold carrier injection concentration (injected density), and light is amplified. When the flow 
of a current is high enough, laser oscillation and luminescence produce magnification of this light from a 
barrier layer in the field demarcated by the aperture 122 in an oxidizing zone 112 conjointly with the 
feedback from the DBR mirrors 104 and 1 14. 

[0025] The insulating region 130 (it illustrates to drawing 6 , drawing 7 , and drawing 8 ) formed using 
an ion- implantation insulation (isolation) process has high resistance. The typical impregnation energy 
used for such a process is 50KeV(s), lOOKeV, and 200KeV(s). Generally dosage is 3x101 5cm-2 in each 
energy level. The ion used for forming an insulating region 402 is hydrogen. 
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[0026] The metal contacts 132 and 144 for carrying out bias of the laser, respectively are formed in the 
top face and base of semi-conductor structure after an insulating process (it illustrates to drawing? , 
drawing 8 , and drawing 9 ). The typical metal used for forming these contacts is the two-layer fihn of 

titanium/gold. ^ . ^ • ^ 

[0027] Drawing 9 expresses the top view of the VCSEL structure formed according to this mvention, 
after forming the top-face contact 132 according to a general metallization process. The sectional view 
cut off by the Une ?-? of this drawmg and 8-8 is expressed to drawing 7 and dyavying 8 . The top contact 
132 is a keyhole mold mostly, and contains the annular part 134 and an extension 136. There is an 
annular part inside a cavity 126 (inboard), and it has hung on the laser aperture 122. Since this is not 
transparent, this is annularly made so that the Ught from laser may be combined through central aperture 
(since it is nontransparent nature). Width-of-face"W" of the annular part 134 is restncted by the 
minimum hne width of face which can usually be attained under the processing technique used, and, 
thereby sets up the minimum of the pitch between adjoining VCSEL structures. Therefore, the typical 
pitch between the cores of two adjoining VCSEL aperture 122 is ••4W." However, since a top-face 
contact may hang on the laser aperture 122 when using a transparent conductor, the pitch between the 
adjoining VCSEL structures is further reducible. Therefore, this pitch may be reduced to the order of 
"2W", as expressed to drawing 10 . A typical conductor is indium oxide tin and this may be made to 
adhere according to a sputtering process. The gestalt of other operations of a top-face contact is 
expressed to drawing 10 , and is expressed with the number 138. The contact finger 140 has hung on the 
laser aperture 122 including the conductive contact finger 140 where this is transparent, and the contact 
pad 142. After forming electric contact on a top face, a metal is made to adhere to the base of a substrate 
1 00, and the bottom product electrode 1 44 is formed. 

[0028] Drawing 16 , dravying 1? , and dravying 18 express other pack (mounting) arrays for forming the 
laser array formed by the approach of this mvention to drawing 11 , drawing 12 and dravying 13 , 
drawing 14 and drawing 1515 , and a list. In the array of such equipment expressed to the laser 
equipment and drawing 12 R> 2 of drawing 11 , these oxidization fields 224 have surrounded the 
boundary pattern of three cylindrical shape cavities 226 located at the top-most vertices of an equilateral 
triangle including the aperture 222 by which each laser stmcture was demarcated by the oxidization field 
224. All the tooth spaces between the cores of two cavities are "S." As stated previously, the embedded 
AlGaAs layer with a high aluminum content oxidizes in the radiation direction toward an outside 
between oxidation processes fi-om the cylindrical shape cavity 226 until the laser aperture 222 to which 
the oxidation field 224 overlaps and has not oxidized is formed. The pack array expressed to drawing U 
can be repeated, and a laser array which was expressed to drawing 12 can be formed. When spacing 
between the cores of two cylindrical shape cavities is set to "S", typical straight-line spacing between 
two laser aperture (linear spacing, component distance of the direction where the array of drawing 12 
extends) is abbreviation "S/2." 

[0029] In the array of the laser equipment of dravying 13 , drawdng 14 , and drav/ing 15 , the square 
boundary pattern which consists of a cylindrical shape cavity 126 is expressed. The oxidization field 124 
is overlapped and forms the laser aperture 122 which has not oxidized. A laser anray which repeated the 
pack an:ay expressed to drawing 13 , and was expressed to drawing 14 and drawing 15 can be formed. 
When using a pack array like drawing 14 and spacing between the cores of two adjoining cylindncal 
shape cavities is set to "S", typical straight-line spacing"L" between two laser aperture is "S" mostly. 
When using an array Uke drawing 15 and spacing between die cores of two adjoining cylindrical shape 
hollows is set to "S", typical straight-line spacing"L" between two laser aperture is [Equation 1] 

generally. 
*V2 X s." 

It comes out. 

[0030] The boundary pattern of the hexagon which consists of a cylindrical shape cavity is expressed 
with the array of the laser equipment of drawing 16 , drawing 17 , and drawing 18 . The cavity 326 of 
arrange [ you / at the top-most vertices of other polygons ] is clear. As stated even in the place of the 
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tou ^n^tinn of ooint •* laser aperture is formed of the field 322 which was demarcated by the 
f.i?324 So^^^d ^hZ not oxidized. A laser array which repeated ^e pack ^y 
field 324 which oxidizea . . drawinall and todagiS may be formed. When usmg 

"SS&M'aSspTin^^^^^ 

wiS^Un^^g"L" between two laser ^erture is "1.5S" mostly, men v«mg an 
Sray lite^SS . ^ic^ str Jght-lme spacing-L" between two laser ^erture is [Equation 2] 



•V3X0 



other semiconductor materials, such as a group aUoy, may be used. 



[Translation done.] 



